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(57) ABSTRACT

An image forming apparatus including: a sheet feeding por-
tion configured to feed a sheet to a sheet conveying path; an
image forming portion configured to form an image on the
sheet; a sheet discharging portion configured to discharge the
sheet; a sheet re-conveying path configured to guide the sheet
on which the image has been formed to the sheet conveying
path again; an original feeding portion configured to feed an
original; an original feeding path configured to guide the
original to the sheet re-conveying path; an image reading
portion configured to read an image of the original; an origi-
nal discharging path configured to guide the original guided
along the sheet re-conveying path to an original discharging
portion; and an original conveying portion configured to con-
vey the original which has been guided along the original
feeding path toward the original discharging path.

23 Claims, 8 Drawing Sheets
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1
IMAGE FORMING APPARATUS

This application is a continuation of International Appli-
cation No. PCT/JP2013/063236, filed May 7, 2013, which
claims priority to Japanese Application No. 2012, 106151,
filed on May 7, 2012.

TECHNICAL FIELD

The present invention relates to an image forming appara-
tus including an image reading portion configured to read an
image of an original, and an image forming portion config-
ured to form the image on a sheet.

BACKGROUND ART

Conventional image forming apparatus such as a copying
machine, a scanner, and a facsimile machine may include an
image reading device configured to read an image of an
original. As the image reading device, there is known an
image reading device configured to read an image of an
original by an image reading portion while conveying the
original by an automatic original feeder (auto document
feeder (ADF)).

On the other hand, the image forming apparatus forms an
image based on information on the image that is read by the
image reading device. For example, when forming images on
both surfaces of a sheet, an image forming portion forms an
image on one surface (first surface) of the sheet, and then the
sheet is conveyed to a sheet re-conveying path so that the sheet
is re-conveyed to the image forming portion. The image form-
ing portion then forms an image on an opposite surface (sec-
ond surface) of the sheet.

There is proposed such a configuration that the sheet re-
conveying path of the image forming apparatus is shared with
an original conveying path of the image reading device and
the image reading portion is arranged in the sheet re-convey-
ing path (PTL 1). When reading an image of an original in the
configuration, the original is conveyed to the sheet re-convey-
ing path of the image forming apparatus, and the image read-
ing portion reads the image of the original.

In the apparatus disclosed in PTL 1, however, the width of
the image forming apparatus is large in a horizontal direction
thereof. Specifically, even when the sheet re-conveying path
of the image forming apparatus is shared with the original
conveying path of the image reading device so as to downsize
the image forming apparatus, the width of the image forming
apparatus increases under the mere arrangement of the image
reading portion in the sheet re-conveying path. As a result, the
image forming apparatus cannot be downsized efficiently.

CITATION LIST
Patent Literature

PTL 1: Japanese Patent Application Laid-Open No. 2006-
232467

SUMMARY OF INVENTION

The present invention has been made in view of the above-
mentioned circumstances, and therefore provides an image
forming apparatus which may further be downsized by
enhancing space utilization efficiency.

According to an embodiment of the present invention,
there is provided an image forming apparatus, including:
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2

a sheet feeding portion configured to feed a sheet to a sheet
conveying path;

an image forming portion configured to form an image on the
sheet which is guided along the sheet conveying path;

a sheet discharging portion configured to discharge the sheet
on which the image has been formed by the image forming
portion;

a sheet re-conveying path configured to guide again, to the
sheet conveying path, the sheet on which the image has
been formed by the image forming portion;

anoriginal feeding portion provided above the image forming
portion, and configured to feed an original;

an original feeding path configured to guide, to the sheet
re-conveying path, the original which has been fed by the
original feeding portion;

an image reading portion configured to read an image of the
original which has been fed by the original feeding portion;

an original discharging portion provided above the image
forming portion, and configured to discharge the original
which has been read by the image reading portion;

an original discharging path configured to guide, to the origi-
nal discharging portion, the original which has been guided
along the sheet re-conveying path; and

an original conveying portion configured to convey the origi-
nal which has been guided along the original feeding path
toward the original discharging path.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a schematic configuration
of a laser beam printer as an example of an image forming
apparatus according to a first embodiment of the present
invention.

FIG. 2 is a control block diagram of the laser beam printer.

FIG. 3 is an explanatory diagram illustrating an operation
of forming an image on a second surface of a sheet, on a first
surface of which an image has been formed, in the laser beam
printer.

FIGS. 4A and 4B are explanatory diagrams each illustrat-
ing an operation of reading an image on a first surface of an
original in the laser beam printer.

FIG. 5 is an explanatory diagram illustrating an operation
of reading an image on a second surface of the original in the
laser beam printer.

FIG. 6 is a diagram illustrating a schematic configuration
of a laser beam printer as an example of an image forming
apparatus according to a second embodiment of the present
invention.

FIG. 7 is a diagram illustrating another configuration of the
laser beam printer.

FIG. 8 is a diagram illustrating a configuration according to
a first modification example.

FIG. 9 is a diagram illustrating a configuration according to
a second modification example.

FIG. 10 is a diagram illustrating a configuration according
to a third modification example.

DESCRIPTION OF EMBODIMENTS

In the following, exemplary embodiments of the present
invention will be described in detail with reference to the
attached drawings. FIG. 1 is a diagram illustrating a sche-
matic configuration of a laser beam printer 1 as an example of
an image forming apparatus according to a first embodiment
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of'the present invention. In FIG. 1, the laser beam printer 1 is
configured to form images on both surfaces of a sheet S, and
has a laser beam printer main body (hereinafter referred to as
“printer main body”) la as a main body of the image forming
apparatus. An image reading device 70 is configured to read
images on both front and back surfaces of an original G.

The printer main body 1a includes an image forming por-
tion 15 configured to form an image on the sheet S, a sheet
feeding portion 1c¢ configured to feed the sheet S, a fixing
portion 50, and a sheet conveying device 1e configured to
convey the sheet S, on one surface of which animage has been
formed, to the image forming portion 15, again.

The image forming portion 15 includes a removable pro-
cess cartridge 10 which integrally includes a photosensitive
drum 9 serving as an image bearing member and a process
unit such as a developing sleeve 8. Further, the image forming
portion 15 includes a transfer portion 1d configured to trans-
fer, onto the sheet S, a toner image formed on the photosen-
sitive drum 9. Still further, the image forming portion 15
includes a laser exposure device 2 configured to expose a
surface of the photosensitive drum 9 to light so as to form an
electrostatic latent image on the photosensitive drum 9.

The sheet feeding portion 1c¢ includes a sheet feeding tray
30 on which the sheets S are stacked, a feed roller 31 config-
ured to feed the sheets S on the sheet feeding tray 30, and a
separation portion 32 having a separation pad (not shown)
arranged on a top surface thereof so as to separate the sheets
S fed by the feed roller 31 one by one. The transfer portion 14
is formed of the photosensitive drum 9 and a transfer roller 15
which is brought into pressure contact with the photosensitive
drum 9 to form a transfer nip therebetween, and is configured
to transfer, onto the sheet S, the toner image formed on the
photosensitive drum 9 when the sheet S passes through the
transfer nip. Note that, a sheet feeding path 23 is provided
between the transfer portion 14 and the sheet feeding portion
1c, and is configured to convey the sheet S fed by the sheet
feeding portion 1c¢ to the transfer portion 1d4. A conveyance
roller pair 40 is arranged in the sheet feeding path 23.

The sheet conveying device le includes a forward and
reverse rotatable discharge roller pair 60 serving as a sheet
discharging portion configured to discharge the sheet S, and a
re-conveying path (sheet re-conveying path) 80 configured to
re-convey the sheet S to the image forming portion 15 in a
state in which the surfaces of the sheet S are reversed through
the reverse rotation of the discharge roller pair 60. A sheet
discharge conveyance path 22 is provided between the fixing
portion 50 and the discharge roller pair 60. The sheet feeding
path 23 and the sheet discharge conveyance path 22 serve as
asheet conveying path. Further, the sheet conveying device 1e
includes conveyance roller pairs 41 and 42 provided in the
re-conveying path 80 and configured to convey the sheet S to
the conveyance roller pair 40.

In the embodiment, the conveyance roller pair 42 located
on the downstream side is rotatable in the forward and reverse
directions. The conveyance roller pair 42 serves as an original
conveying portion configured to convey the original G for-
wardly and reversely. Further, the re-conveying path 80 is
branched off from the sheet discharge conveyance path 22
which is provided between the fixing portion 50 and the
discharge roller pair 60, and a first switching member 61 is
arranged at a branch point between the re-conveying path 80
and the sheet discharge conveyance path 22. When the first
switching member 61 is switched and the discharge roller pair
60 is rotated selectively in the forward and reverse directions,
the sheet S may be conveyed toward the re-conveying path 80
selectively.
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The image reading device 70 includes an image reading
portion 100 configured to read an image of the original G, and
an automatic original feeder (ADF) 71 configured to convey
the original G toward the image reading portion 100. The
image reading portion 100 is movable between a position for
reading an image on a first surface of the original G passing
along the re-conveying path 80 and a position for reading an
image on a second surface of the original G passing along a
discharge conveyance path 81 described later. With the image
reading portion 100 as described above, the image reading
device 70 may read images on both front and back surfaces of
the original G. Note that, the image reading portion 100 has an
image reading surface 100a serving also as a cover configured
to prevent entry of a foreign matter.

Further, the image reading device 70 includes an original
feeding path 79 configured to convey the original G fed from
a pickup roller 91 to the re-conveying path 80. The re-con-
veying path 80 includes a common conveying portion which
guides the sheet and the original. The image reading device 70
includes the discharge conveyance path 81 serving as an
original discharging path which is branched off from the
re-conveying path 80 on the upstream side with respect to the
conveyance roller pair 42. Along the discharge conveyance
path 81, the original G of which the image on the first surface
has been read is conveyed to a discharged original stacking
portion 110. Further, a second switching member 82 is pro-
vided at a branch point between the re-conveying path 80 and
the discharge conveyance path 81. When the second switch-
ing member 82 is switched and the conveyance roller pair 42
is rotated in the reverse direction, the original G of which the
image on the first surface has been read may be conveyed to
the discharge conveyance path 81.

The automatic original feeder 71 includes an original tray
90 on which the originals G are placed, and the pickup roller
91 serving as an original feeding portion configured to feed
originals G, which are stacked on the original tray 90 with
their image surfaces facing upward, sequentially one by one.
The pickup roller 91 is arranged above the image forming
portion 15 and the re-conveying path 80. Further, the auto-
matic original feeder 71 includes a separation portion 92
having a separation pad (not shown) arranged on a top surface
thereof so as to separate the originals G fed by the pickup
roller 91 one by one, and the discharged original stacking
portion 110 located above the original tray 90.

Note that, in FIG. 1, a control portion 120 controls the
image forming operation of the printer main body 1a and the
image reading operation of the image reading device 70. As
illustrated in FIG. 2, a first solenoid SL.1 configured to drive
the first switching member 61, a second solenoid SL.2 con-
figured to drive the second switching member 82, and a sur-
face reverse sensor 53 described later are connected to the
control portion 120. Further, the image reading portion 100
provided in the image reading device 70, the automatic origi-
nal feeder 71, and a memory M configured to store the infor-
mation on the image of the original G which is read by the
image reading portion 100 are connected to the control por-
tion 120.

Next, the image forming operation in the laser beam printer
1 (printer main body 1a) having the above-mentioned con-
figuration will be described. When the image forming opera-
tion is started, the feed roller 31 first rotates in response to a
sheet feed start signal from the control portion 120. Accord-
ingly, the feed roller 31 feeds the sheets S, and the sheets S
thus fed are separated one by one by the separation portion 32.
After that, each of the sheets S thus separated is conveyed by
the conveyance roller pair 40. When a sheet leading edge
sensor (not shown) detects the sheet S, a light emitting portion
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21 of the laser exposure device 2 irradiates the photosensitive
drum 9 with laser light based on the image information.

Note that, when the image forming operation is started, the
photosensitive drum 9 rotates and a charging roller (not
shown) uniformly charges the surface of the photosensitive
drum 9 at a predetermined polarity and potential. When the
photosensitive drum 9 after the charging of the surface as
described above is irradiated with laser light, an electrostatic
latent image is formed on the photosensitive drum 9. Then,
the electrostatic latent image is developed with toner supplied
from the developing sleeve 8 and visualized as a toner image.

When the sheet S subsequently reaches the transfer portion
1d, the toner image is transferred onto the sheet S due to a bias
and pressure applied to the transfer roller 15. After the toner
image is transferred as described above, the sheet S is con-
veyed to the fixing portion 50, in which the sheet S is sub-
jected to heat from a heating roller 51 and pressure of a
rotatable pressure roller 52 opposed to the heating roller 51.
Accordingly, the toner image is fixed to the sheet S, and the
sheet S having the toner image fixed as described above then
passes along the sheet discharge conveyance path 22 and is
discharged outside the printer main body 1a by the discharge
roller pair 60. As a result, the sheet S is stacked on a discharge
tray 68 (discharged sheet stacking portion).

When forming images on both surfaces of the sheet S, on
the other hand, based on a detection signal from the surface
reverse sensor 53 of FIG. 2 that is provided in the sheet
discharge conveyance path 22, the control portion 120 rotates
the discharge roller pair 60 in the reverse direction after the
trailing edge of the sheet S passes across the branch point
between the re-conveying path 80 and the sheet discharge
conveyance path 22. Further, the first switching member 61
provided at the branch point is switched clockwise. Through
the switchback conveyance performed by the discharge roller
pair 60 serving as a switchback conveyance portion, the sheet
S having the image formed on the first surface is guided
substantially horizontally in the reverse direction with the
former trailing edge side as a leading edge with respect to the
guiding direction, and enters the re-conveying path 80 as
illustrated in FIG. 3.

After that, the sheet S is conveyed by the conveyance roller
pairs 41 and 42 provided in the re-conveying path 80, and
enters the sheet feeding path 23 from the re-conveying path
80. Accordingly, the sheet S is guided to the conveyance roller
pair 40 again in a state in which the front and back surfaces are
reversed, and an image is formed on the second surface
through an operation similar to the operation of forming an
image on the first surface. After that, the sheet S is stacked on
the discharge tray 68 by the discharge roller pair 60.

Next, the image reading operation in the laser beam printer
1 (image reading device 70) will be described. When reading
the images of the originals G, the pickup roller 91 is rotated to
feed originals G one by one, and then the originals G are
separated one by one by the separation portion 92. Then, each
of the originals G thus separated is conveyed to the re-con-
veying path 80 through the original feeding path 79. Then, as
illustrated in FIG. 4A, the original G conveyed to the re-
conveying path 80 is conveyed to the image reading portion
100 by the conveyance roller pair 41. At this time, the image
reading portion 100 moves to the position for reading the
image of the original G passing along the re-conveying path
80. Accordingly, when the original G passes across the image
reading portion 100, the image reading portion 100 reads the
image on the first surface of the original G, and information
on the image thus read is recorded in the memory M illus-
trated in FIG. 2 as image information on the first surface of the
original G.
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When the trailing edge of the original G after the reading of
the image on the first surface then passes across the second
switching member 82, the second switching member 82
moves to the position illustrated in FIG. 4B, and the convey-
ance roller pair 42 rotates in the reverse direction. Accord-
ingly, the original G enters the discharge conveyance path 81,
and is then conveyed by the conveyance roller pair 41. The
original G conveyed by the conveyance roller pair 41 is dis-
charged onto the discharged original stacking portion 110 by
an original discharging roller pair 43 serving as an original
discharging portion. The original discharging roller pair 43 is
arranged above the image forming portion 16 and the re-
conveying path 80

Further, when reading an image on the second surface of
the original G, after the image information on the first surface
is read, the image reading portion 100 is moved from the
position for reading the image of the original G passing along
the re-conveying path 80 to the position of FIG. 5 for reading
the image of the original G passing along the discharge con-
veyance path 81. When the trailing edge of the original G after
the reading of the image on the first surface then passes across
the second switching member 82, the second switching mem-
ber 82 is moved to the position illustrated in FIG. 5, and the
conveyance roller pair 42 is rotated in the reverse direction.

Accordingly, the original G enters the discharge convey-
ance path 81, and is conveyed to the image reading portion
100. When the original G passes across the image reading
portion 100, the image reading portion 100 reads the image on
the second surface, and information on the image thus read is
recorded in the memory M illustrated in FIG. 2 as image
information on the second surface of the original G. After
that, the original G after the reading of the image on the
second surface as described above is discharged onto the
discharged original stacking portion 110 by the conveyance
roller pair 41 and the original discharging roller pair 43.

Note that, when a user selects a copy mode, the light
emitting portion 21 irradiates the photosensitive drum 9 with
laser light based on the information recorded in the memory
M, but when the user does not select the copy mode, the
information is transmitted to a computer as electronic data.

By the way, at a part of the re-conveying path 80 which is
located on the downstream side in the sheet conveying direc-
tion, there is provided a U-turn portion 80a serving as a
curved portion configured to guide, to the sheet feeding path
23, the sheet S having the image formed on the first surface.
Note that, when reading an image, the leading edge portion of
the original G also enters the U-turn portion 80a as illustrated
in, for example, FIG. 4A. Therefore, in the embodiment, the
curvature radius of the U-turn portion 80a is set to a prede-
termined value in consideration of conveyance performance
of a sheet and original having high rigidity (high stiffness),
such as thick paper.

Further, in the embodiment, the discharge conveyance path
81 is arranged on an inner side of the apparatus with respect
to a vertical line passing through the outermost portion 804 of
the U-turn portion 80a which bulges outward (line of most
protruding portion). The discharge conveyance path 81
extends along a part of the re-conveying path 80 (an upstream
portion of the re-conveying path 80) which is located on the
upstream side in the sheet conveying direction with respect to
the U-turn portion 80a. Still further, the image reading por-
tion 100 is arranged along the part of the re-conveying path 80
(an upstream portion of the re-conveying path 80) which is
located on the upstream side in the sheet conveying direction
with respect to the U-turn portion 80a. Through the arrange-
ment of the discharge conveyance path 81 and the image
reading portion 100 at the respective positions as described
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above, at least a part of the image reading portion 100 may be
provided on the inner side of the printer main body 1a with
respect to the line of the most protruding portion. Accord-
ingly, the effect of the image reading portion 100 on the size
of'the laser beam printer 1 may be reduced, and thus the laser
beam printer 1 including the image reading device 70 may be
downsized. The discharge conveyance path 81 extends along
the part of the re-conveying path 80 (the upstream portion of
the re-conveying path 80) which is located on the upstream
side in the sheet conveying direction with respect to the
U-turn portion 80a. Thus, through the arrangement of the
pickup roller 91 and the original discharging roller pair 43 on
the upper side of the printer, it is possible to prevent the
increase in size of the printer while maintaining high visibil-
ity of the original for the user. Note that, the inner side of the
printer main body 1a herein refers to a side on which the sheet
feeding path 23, that is, the image forming portion 16 is
provided.

Specifically, in the embodiment, the U-turn portion 80a is
shaped to bulge in an outward direction of the printer main
body 1a, that is, a direction away from the sheet conveying
paths (sheet feeding path 23 and sheet discharge conveyance
path 22). Further, the image reading portion 100 is arranged at
aposition above the bulging portion of the U-turn portion 80a
and on the inner side of the printer main body 1a with respect
to the bulging portion of the U-turn portion 80a. As a result,
the laser beam printer 1 may be downsized.

By the way, in the embodiment, the U-turn portion 80a
needs to guide the sheet S so as to change the sheet conveying
direction by 180 degrees, and hence the U-turn portion 80a
bulges in the direction away from the sheet conveying paths
(sheet feeding path 23 and sheet discharge conveyance path
22) in consideration of the conveyance performance of the
sheet S and the original G. On the other hand, the path ranging
from the discharge roller pair 60 to the image reading portion
100 only needs to be arranged so as to change the sheet
conveying direction by 90 degrees. Thus, the part of the
re-conveying path 80 which is located on the upstream side in
the sheet conveying direction with respect to the U-turn por-
tion 80a does not need to be bulged greatly away from the
fixing portion 50 toward the outer side of the apparatus in the
horizontal direction. As a result, the part of the re-conveying
path 80 which is located on the upstream side in the sheet
conveying direction with respect to the U-turn portion 80a
may be provided on the inner side of the printer main body 1a
with respect to the line of the most protruding portion of the
U-turn portion 80a in the horizontal direction.

In the following, modification examples of the first
embodiment will be described. Note that, in any of the fol-
lowing three modification examples, detailed description of
components similar to those in the first embodiment is omit-
ted herein.

FIG. 8 illustrates a first modification example of the first
embodiment. In the first modification example, the original
tray 90 is arranged above the discharged original stacking
portion 110. The original G fed from the original tray 90 by
the pickup roller 91 serving as the original feeding portion is
guided and conveyed downward along an original feeding
path 794, thereby entering a re-conveying path 93. The con-
veyance direction of the original G is switched to an upward
direction by the conveyance roller pair 42 (in a state in which
the front and back surfaces are reversed), and the original G is
discharged by the original discharging roller pair 43 from the
re-conveying path 93 onto the discharged original stacking
portion 110 via a discharge conveyance path 81« serving as
the original discharging path.
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FIG. 9 illustrates a second modification example of the first
embodiment. In the second modification example, the origi-
nal feeding portion configured to feed the original G from the
original tray 90 is configured to separate and feed the lower-
most original on the original tray 90. Specifically, the original
feeding portion includes a pickup roller 91a configured to
feed the lowermost original in contact with the lowermost
original, an original feeding roller 91e, and a separation roller
914 configured to separate the lowermost original in coop-
eration with the original feeding roller 91e.

FIG. 10 illustrates a third modification example of the first
embodiment. In the third modification example, the convey-
ance path configured to guide the original G is branched off
from the re-conveying path 80 before switching the convey-
ance direction of the original G. Specifically, the third modi-
fication example is different from the first embodiment in that
a reverse conveyance path 85 is provided.

As illustrated in FIG. 10, the reverse conveyance path 85
extends downward substantially in parallel to the U-turn por-
tion 80a, and is then curved at a downstream end to extend
under the sheet feeding tray 30. The reverse conveyance path
85 guides downward the original G moving along the re-
conveying path 80 without causing the original G to enter the
U-turn portion 80a.

A triple roller 83 is provided on the upstream side of the
reverse conveyance path 85 in the original feeding direction.
The triple roller 83 includes a driving roller 83a, and a rolling
element 835 and a rolling element 83¢ provided on both sides
of'the driving roller 83a. The triple roller 83 drives the driving
roller 83a to rotate in the forward direction so that the driving
roller 83a and the rolling element 835 convey the sheet S
toward the downstream side in the sheet conveying direction
(in the downward direction of FIG. 10). Further, the triple
roller 83 drives the driving roller 83a to rotate in the forward
and reverse directions so as to convey the original G and
reverse the surfaces of the original G guided to the reverse
conveyance path 85 by a pivot guide 84.

When the sheet S moves along the re-conveying path 80,
the pivot guide 84 guides the sheet S to a nip between the
driving roller 83a and the rolling element 835. The sheet S is
conveyed to the U-turn portion 80a through the nip between
the driving roller 83a and the rolling element 834.

When the original G moves along the re-conveying path 80,
the pivot guide 84 guides the original G to a nip between the
driving roller 83¢ and the rolling element 83c¢. The original G
is conveyed to the reverse conveyance path 85 through the nip
between the driving roller 83a and the rolling element 83c,
and is then switched back. When the original G is switched
back by the driving roller 83a and the rolling element 83¢, the
pivot guide 84 guides the original G to the discharge convey-
ance path 81.

Specifically, the original G passing the image reading por-
tion 100 so that the image on the first surface is read is
conveyed to the reverse conveyance path 85 by the pivot guide
84, and the driving roller 83a, and the rolling element 83c¢.
When the trailing edge of the original G conveyed to the
reverse conveyance path 85 passes the pivot guide 84, the
control portion 120 rotates the driving roller 83 in the oppo-
site direction so as to switch the original conveying direction
to an upward direction. Further, the control portion 120 pivots
the pivot guide 84 counterclockwise so as to guide the
reversed and conveyed original G to the discharge convey-
ance path 81. The original G is switched back, and is con-
veyed toward the discharge conveyance path 81 so that the
original G is discharged by the original discharging roller pair
43. The original G discharged by the original discharging
roller pair 43 is stacked on the discharged original stacking
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portion 110. Similarly to the first embodiment, the image
reading portion 100 reads the image of the original G during
a period in which the original G passes along the discharge
conveyance path 81.

The features of the first to third modification examples may
be combined together. Specifically, for example, the original
G may be fed in the order from the lowermost original as in
the second modification example, and the reverse conveyance
path 85 branched off from the re-conveying path 80 may be
provided as in the third modification example so as to guide
the original G before the front and back surfaces are reversed.

Next, a second embodiment of the present invention will be
described. In the second embodiment, images on both sur-
faces of the original G are read in a state in which the image
reading portion 100 is fixed. FIG. 6 is an explanatory diagram
illustrating a configuration of a laser beam printer 201 as an
example of an image forming apparatus according to the
embodiment. Note that, in FIG. 6, the same reference sym-
bols as those in FIG. 1 described above represent the same or
corresponding portions.

In FIG. 6, an image reading portion 102 serving also as a
cover configured to prevent entry of a foreign matter has an
image reading surface 102a¢ and a white reference member
101 disposed opposite to the image reading surface 102a. A
joining path 805 is branched off from the U-turn portion 80a
of the re-conveying path 80, and joins the re-conveying path
80. A conveyance roller pair 44 configured to convey the
original G is provided in the U-turn portion 80a. A third
switching member 65 is provided at a branch point between
the joining path 805 and the U-turn portion 80a. Note that,
when reading the image on the second surface of the original
G, the control portion 120 controls the third switching mem-
ber 65 to move in such a direction that the original G of which
the image on the first surface has been read enters the joining
path 805.

Further, a fourth switching member 62 and a fifth switching
member 63 are biased by springs 62a and 63a, respectively, so
as to guide the original G of which the image has been read to
the discharged original stacking portion 110. A sixth switch-
ing member 64 is biased by a spring 64a so as to guide the
original G of which the image has been read to the U-turn
portion 80a.

When the sheet S enters a joining portion between the
re-conveying path 80 and the discharge conveyance path 81,
the fourth switching member 62 is pressed by the sheet S, and
is pivoted against the biasing force of the spring 62« in such
a direction that the sheet S enters the re-conveying path 80.
When the original G passing along the original feeding path
79 enters a joining portion between the original feeding path
79 and the discharge conveyance path 81, the fifth switching
member 63 is pressed by the original G, and is pivoted against
the biasing force of the spring 63a in such a direction that the
original G is allowed to pass. When the original G passing
along the joining path 805 enters the re-conveying path 80,
the sixth switching member 64 is pressed by the original G,
and is pivoted against the biasing force of the spring 64a in
such a direction that the original G enters the re-conveying
path 80. Note that, in the embodiment, the conveyance roller
pairs 41 and 42, which serve as the original conveying portion
configured to reverse the conveying direction of the original
G from the original feeding path 79 to convey the original G
toward the discharge conveyance path 81 in cooperation with
the U-turn portion 80a, the joining path 805 and the convey-
ance roller pair 44, are rotatable in the forward and reverse
directions.

When the laser beam printer 201 (printer main body 201a)
having the above-mentioned configuration forms images on
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both surfaces of the sheet S, the discharge roller pair 60 is
rotated in the reverse direction after the trailing edge of the
sheet S having the image formed on the first surface passes the
branch point between the re-conveying path 80 and the sheet
discharge conveyance path 22. Further, the first switching
member 61 is switched clockwise. Accordingly, the sheet S
having the image formed on the first surface is conveyed in the
reverse direction with the former trailing edge as a leading
edge with respect to a conveying direction to enter the re-
conveying path 80 while pivoting the fourth switching mem-
ber 62. After that, the sheet S is conveyed by the conveyance
roller pairs 41 and 42, and enters the sheet feeding path 23
after passing across the sixth switching member 64 and the
third switching member 65. Accordingly, the sheet S is guided
to the conveyance roller pair 40 again in a state in which the
front and back surfaces of the sheet S are reversed, and an
image is formed on the second surface through an operation
similar to the operation of forming an image on the first
surface. After that, the sheet S is stacked on the discharge tray
68 by the discharge roller pair 60.

On the other hand, when the laser beam printer 201 (image
reading device 70) reads images of the originals G, the pickup
roller 91 is first rotated to feed the originals G, and then the
originals G are separated by the separation portion 92 one by
one. Then, the original G conveyed to the re-conveying path
80 is conveyed to the image reading portion 102 by the con-
veyance roller pair 41. When the original G passes the image
reading portion 102, the image reading portion 102 reads the
image on the first surface of the original G. After that, the
original G passes the sixth switching member 64, and enters
the U-turn portion 80a.

Note that, at this time, the control portion 120 controls the
third switching member 65 to move in such a direction that the
original G enters the joining path 805 serving as an original
guiding path configured to guide the original G to the re-
conveying path 80. Accordingly, the original G passing along
the U-turn portion 80a enters the joining path 805, and is then
guided to the re-conveying path 80 again while pivoting the
sixth switching member 64. The conveyance roller pair 42 is
then reversely rotated to convey the original G to the image
reading portion 102. When reading the image on the second
surface of the original G during a period in which the original
G passes the image reading portion 102, the image reading
portion 102 selectively reads the image on the second surface
of'the original G. Subsequently, the conveyance roller pair 41
is reversely rotated to cause at least the original G of which the
image on the first surface has been read to pass the fourth
switching member 62 and the fifth switching member 63, and
enters the discharge conveyance path 81. As a result, the
original G is discharged onto the discharged original stacking
portion 110 by the original discharging roller pair 43. The
direction in which the sheet discharging roller pair 60 dis-
charges the sheet is the same as the direction in which the
original discharge roller pair 43 discharges the original. And
the direction in which the pickup roller 91 feeds the original
is opposite to the direction in which the original discharge
roller pair 43 discharges the original.

As described above, with the configuration of the embodi-
ment, the images on both surfaces of the original G may be
read even in the state in which the image reading portion 102
is fixed, with the result that the configuration of the image
reading device 70 is simplified. Note that, also in the embodi-
ment, the image reading portion 102 is arranged at a position
above the bulging portion of the U-turn portion 80a and on the
inner side with respect to the bulging portion of the U-turn
portion 80a, and hence the laser beam printer 201 may be
downsized.
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By the way, in the embodiment, the transfer portion 14 and
the fixing portion 50 are arranged in the vertical direction in
the printer main body 2014, and the sheet feeding path 23 and
the re-conveying path 80 are also provided to extend in the
vertical direction. However, the present invention is not lim-
ited to this configuration. For example, as illustrated in FIG.
7, the transfer portion 1d and the fixing portion 50 may be
arranged in the horizontal direction in the printer main body
301a of a laser beam printer 301. In this case, the sheet
feeding path 23 extends in the horizontal direction, and a part
of the re-conveying path 80 is formed to extend under the
transfer portion 14 and the fixing portion 50 along the sheet
feeding path 23 in the printer main body 301a.

Also in this case, the image reading portion 102 is arranged
ata position above a bulging portion 80c¢ of the U-turn portion
804 and on the inner side with respect to the bulging portion

80c¢ of the U-turn portion 80a. Specifically, at least a part of

the image reading portion 102 is arranged above a horizontal
line passing through a portion of the bulging portion 80c¢
which is farthest from the image forming portion 15 (or the
sheet feeding path 23) in the vertical direction (line of most
protruding portion). With this configuration, the laser beam
printer 301 may be downsized.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2012-106151, filed May 7, 2012, which is
hereby incorporated by reference herein in its entirety.

REFERENCE SIGNS LIST

1...laser beam printer,

la . .. laser beam printer main body,
156 . . . image forming portion,

1c .. . sheet feeding portion,

1d . .. transfer portion,

le .. . sheet conveying device,

23 . .. sheet feeding path,

41,42 . . . conveyance roller pair,
50 . . . fixing portion,

70 . . . image reading device,

71 . .. automatic original feeder (ADF),
80 . . . re-conveying path,

80a . . . U-turn portion,

805 . . . joining path,

81 . .. discharge conveyance path,

100, 102 . . . image reading portion,
120 . . . control portion,

G ... original,

S...sheet

The invention claimed is:

1. An image forming apparatus, comprising:

a sheet feeding portion configured to feed a sheet to a sheet
conveying path;

an image forming portion configured to form an image on
the sheet which is guided along the sheet conveying
path;

a sheet discharging portion configured to discharge the
sheet on which the image has been formed by the image
forming portion;

a sheet re-conveying path configured to guide again, to the
sheet conveying path, the sheet on which the image has
been formed by the image forming portion;
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an original stacking portion provided above the image
forming portion and on which an original is stacked;

an original feeding portion configured to feed the original
stacked on the original stacking portion;

an original feeding path configured to guide, to the sheet
re-conveying path, the original which has been fed by
the original feeding portion;

animage reading portion configured to read an image of the
original which has been fed by the original feeding por-
tion;

a discharged original stacking portion provided above the
image forming portion and on which the original is
discharged;

an original discharging portion configured to discharge the
original which has been read by the image reading por-
tion to the discharged original stacking portion;

an original discharging path configured to guide, to the
original discharging portion, the original which has been
guided along the sheet re-conveying path; and

an original conveying portion configured to convey the
original which has been fed by the original feeding por-
tion toward the original discharging portion.

2. An image forming apparatus according to claim 1,

wherein the sheet re-conveying path comprises an
upstream portion and a U-turn portion that joins the
sheet conveying path, the U-turn portion being located
on a downstream of the upstream portion in a sheet
conveying direction,

wherein the U-turn portion of the sheet re-conveying path
comprises a bulging portion which bulges away from the
sheet conveying path with respect to the upstream por-
tion of the sheet re-conveying path, and

wherein the image reading portion is arranged along the
upstream part of the sheet re-conveying path.

3. An image forming apparatus according to claim 1,
wherein the original discharging path is arranged opposite to
the sheet conveying path with respect to a common conveying
path of the sheet re-conveying path that guides the sheet and
the original, and extends along the common conveying path
of' the sheet re-conveying path.

4. An image forming apparatus according to claim 3,
wherein the image reading portion is arranged along the com-
mon conveying path of the sheet re-conveying path.

5. An image forming apparatus according to claim 3,

wherein the original discharging path extends along the
common conveying path of'the sheet re-conveying path,
and

wherein the original conveying portion reverses a convey-
ing direction of the original passing along the common
conveying path of the sheet re-conveying path so as to
convey the original toward the original discharging path.

6. An image forming apparatus according to claim 5,
wherein the image reading portion is provided between the
sheet re-conveying path and the original discharging path.

7. An image forming apparatus according to claim 6,
wherein the image reading portion reads an image on one
surface of the original when the original passes along the
sheet re-conveying path, and reads an image on other surface
of the original when the original passes along the original
discharging path.

8. An image forming apparatus according to claim 7,
wherein the image reading portion is movable between a
position for reading the image on the one surface of the
original passing along the sheet re-conveying path and a
position for reading the image on the other surface of the
original passing along the original discharging path.
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9. An image forming apparatus according to claim 1,

wherein the original feeding path is arranged opposite to

the sheet conveying path with respect to a common
conveying path of the sheet re-conveying path that
guides the sheet and the original,

wherein the original feeding path extends along the com-

mon conveying path of the sheet re-conveying path
which is configured to guide the original, and

wherein the original conveying portion reverses a convey-

ing direction of the original passing along the original
feeding path so as to convey the original toward the sheet
re-conveying path.

10. An image forming apparatus according to claim 9,
wherein the image reading portion is provided between the
sheet re-conveying path and the original feeding path.

11. An image forming apparatus according to claim 10,
wherein the image reading portion reads an image on one
surface of the original when the original passes along the
original feeding path, and reads an image on other surface of
the original when the original passes along the sheet re-
conveying path.

12. An image forming apparatus according to claim 11,
wherein the image reading portion is movable between a
position for reading the image on the other surface of the
original passing along the sheet re-conveying path and a
position for reading the image on the one surface of the
original passing along the original feeding path.

13. An image forming apparatus according to claim 1,

wherein a downstream end of the original feeding path is

connected to the sheet re-conveying path, and

wherein an upstream end of the original discharging path is

connected to the sheet re-conveying path.
14. An image forming apparatus according to claim 1,
further comprising:
a sheet stacking portion on which the sheet which is dis-
charged by the sheet discharging portion is stacked; and

an original tray which is provided above the sheet stacking
portion, and on which the original to be fed by the
original feeding portion is placed.

15. An image forming apparatus according to claim 1,
wherein the original conveying portion comprises a forward
and reverse rotatable roller configured to convey the original
forwardly and reversely.

16. An image forming apparatus according to claim 1,
wherein the original conveying portion comprises an annular
conveyance path configured to reverse a conveying direction
of'the original so as to convey the original toward the original
discharging portion.

17. An image forming apparatus according to claim 1,
further comprising a switchback conveyance portion config-
ured to switch back and convey the sheet on which the image
has been formed by the image forming portion,

wherein the sheet conveying path guides the sheet upward,

and

wherein the sheet re-conveying path guides downward the

sheet which has been switched back and conveyed by the
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switchback conveyance portion, and then causes the
sheet to make a U-turn so that the sheet enters the sheet
conveying path.

18. An image forming apparatus according to claim 17,

wherein the sheet re-conveying path comprises an

upstream portion and a U-turn portion which joins the
sheet conveying path, the U-turn portion being located
on a downstream of the upstream portion,

wherein the U-turn portion of the sheet re-conveying path

comprises a bulging portion which bulges away from the
sheet conveying path with respect to the upstream por-
tion of the sheet re-conveying path, and
wherein at least a part of the image reading portion is
provided on a side of the sheet conveying path with
respect to a vertical line passing through an outermost
portion of the bulging portion of the U-turn portion in a
horizontal direction.
19. An image forming apparatus according to claim 1,
wherein a common conveying path of the sheet re-convey-
ing path that guides the original and the sheet extends in
a vertical direction, and

wherein one of the original feeding path and the original
discharging path extends in the vertical direction along
the common conveying path of the sheet re-conveying
path.

20. An image forming apparatus according to claim 1,

wherein the image reading portion reads an image on one

surface of the original conveyed along the sheet re-
conveying path before the original conveying portion
reverses a conveying direction of the original, and
wherein the image reading portion reads an image on other
surface of the original conveyed along the original dis-
charging path after the original conveying portion
reverses the conveying direction of the original.

21. An image forming apparatus according to claim 1,

wherein the image reading portion reads an image on one

surface of the original conveyed along the original feed-
ing path before the original conveying portion reverses a
conveying direction of the original, and

wherein the image reading portion reads an image on other

surface of the original conveyed along the sheet re-
conveying path after the original conveying portion
reverses the conveying direction of the original.

22. An image forming apparatus according to claim 1,
wherein the original feeding portion and the original dis-
charging portion are provided above the sheet re-conveying
path.

23. An image forming apparatus according to claim 1,

wherein a direction in which the sheet discharging portion

discharges the sheet is the same as a direction in which
the original discharging portion discharges the original,
and

wherein a direction in which the original feeding portion

feeds the original is opposite to a direction in which the
original discharging portion discharges the original.
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